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Summary
Aim:  To  assess  the  risk  factors  for  surgical  site  infection  and  the  effects  of  selected
infection  control  measures  on  surgical  site  infection  rates  in  a  general  surgery  unit.
Methods:  Surgical  site  infection  rates  and  adherence  to  infection  control  measures
were  observed  in  a  general  surgery  unit.
Results:  In  multivariate  analysis,  male  gender,  a  high  American  Society  of  Anesthe-
siologists  (ASA)  score,  malignancy,  transfusion,  open  surgery,  and  contaminated  and
dirty  operations  were  found  to  be  statistically  signiﬁcant  risk  factors  for  surgical  site
infection.  Among  infection  control  measures,  only  the  avoidance  of  preoperative  hair
removal  and  a  longer  AMP  duration  had  protective  effects  on  SSI.
Conclusion:  The  most  important  risk  factor  inﬂuencing  surgical  site  infection  in
general  surgery  was  found  to  be  the  contamination  level  of  the  wound.
©  2014  Published  by  Elsevier  Limited  on  behalf  of  King  Saud  Bin  Abdulaziz  University
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eserved.ntroductionurgical  site  infections  (SSIs)  are  the  most  preva-
ent nosocomial  infections  in  surgical  clinics.  SSIs
ave high  morbidity  and  mortality  rates,  and  they
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result  in  high  hospital  costs  [1]. Due  to  multiple  risk
factors related  to  the  patient,  the  procedure  and
the hospital  environment,  a  systematic  approach  is
needed for  the  prevention  of  SSI  [2].
The aim  of  this  study  is to  assess  the  risk  factors
for SSI  and  the  effect  of  infection  control  measures
on SSI  rates  in  a  general  surgery  unit  in  a  developing
country.
Materials and methods
Study setting
The  study  was  carried  out  in  the  General  Surgery
Unit (GSU)  at  Erciyes  University  Hospital  in  Turkey.
The Infection  Control  Committee  (ICC)  and  trained
Infection  Control  nurses  have  conducted  active,
prospective and  patient-based  SSI  surveillance
since May  2005.  The  ﬁndings  are  reported  to
the surgeons  monthly  to  remind  them  of  infec-
tion control  measures.  Local  guidelines  for  surgical
antimicrobial  prophylaxis  (AMP)  and  infection  con-
trol measures  were  implemented  in  2005.  Under
the local  guidelines,  AMP  is  recommended  in
accordance with  the  international  clinical  practice
guidelines  for  AMP  [3].
The study  was  performed  from  January  to
December 2011.  Gall  bladder  (CHOL),  colon
(COLO), bile  duct,  liver  or  pancreatic  (BILI),
gastric (GAST)  and  small  bowel  (SB)  surgeries
were investigated  daily.  For  each  surgery,  patient
demographics  (e.g.,  age,  gender,  obesity,  underly-
ing diseases-malignancy,  hepatic  failure,  trauma,
chronic  obstructive  pulmonary  disease,  diabetes
mellitus, heart  failure,  renal  failure,  hypertension,
transfusion, preoperative  length  of  hospitalization,
and cigarette  use),  previous  use  of  antibiotics
and corticosteroids,  information  about  the  oper-
ation (e.g.,  type  of  surgery,  wound  classiﬁcation,
laparoscopic  surgery),  the  American  Society  of
Anesthesiologists  (ASA)  score,  the  basic  surgical
site risk  index  category  (RIC),  anemia,  hypoal-
buminemia, infection  control  measures,  SSI  rates
and length  of  postoperative  hospitalization  were
recorded.  RIC  was  originally  designed  as  a scoring
system based  on  3  variables:  the  ASA  score,  the
length of  the  operation,  and  the  surgical  wound
classiﬁcation. Points  are  given  for  ASA  scores  ≥3,
lengths  of  operations  ≥180  min,  and  contaminated
(class 3)  or  dirty  (class  4)  surgical  wounds.  SSI
was diagnosed  by  our  infection  control  team  based
on deﬁnitions  stated  in  the  guidelines  issued  by
the Centers  for  Disease  Control  and  Prevention
(CDC)/NHSN  system.  The  clinical  endpoint  of  the
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tudy  was  the  development  of  SSI.  The  criteria
or the  diagnosis  of  SSI  included  an  infection  that
ccurred  within  30  days  after  an  operation  and  at
east one  of  the  following:  (1)  purulent  discharge
rom the  incision  or  from  a drain  placed  into  the
rgan/space; (2)  organisms  isolated  from  the  cul-
ure of  ﬂuid  or  tissue  from  the  incision  or  the
rgan/space; (3)  an  open  wound  with  signs  and
ymptoms  of  infection;  and  (4)  an  abscess  or  other
vidence  of  infection  found  on  examination  of  the
ncision or  the  organ/space  [4].  No  post  discharge
urveillance was  performed.
nfection control measures
dherence  to  basic,  modiﬁable  and  strongly  recom-
ended  infection  control  measures  was  observed.
hese measures  included  (1)  maintaining  perioper-
tive blood  glucose  levels  of  less  than  200  mg/dL,
2) avoiding  hair  removal  except  when  hair  could
nterfere  with  an  operation  or,  when  hair  removal
s necessary,  removing  it  with  clippers,  (3)  using
ppropriate  antimicrobials  for  AMP  (recommended
nder local  guidelines),  (4)  conducting  AMP  for  the
ppropriate  time  (and  discontinuing  the  prophylaxis
ithin  24  h  after  the  procedure),  and  (5)  requiring
 chlorhexidine  bath  before  the  operation  [2].
tatistical analysis
he  resulting  database  was  analyzed  in  SPSS  version
6.0 (SPSS  Inc.,  Chicago,  Illinois).  Univariate  anal-
sis of  categorical  variables  was  performed  using
isher’s  exact  or  Pearson  2 tests.  Normally  dis-
ributed  continuous  variables  were  analyzed  using  a
-test. Kruskal—Wallis  one-way  analysis  of  variance
as used  for  comparing  more  than  two  samples
hat are  independent,  or  not  related.  Results  with
 <  0.05  were  considered  to  be  statistically  signiﬁ-
ant.
esults
uring  the  study  period,  a total  of  800  patients
ere enrolled  in  the  study.  The  median  patient
ge was  58  (range  16—94)  and  405  (50.6%)  of
he patients  were  male.  Of  the  enrolled  patients,
20 (27.5%)  had  CHOL,  232  (29%)  had  COLO,  137
17.1%)  had  GAST,  86  (10.8%)  had  SB  and  125  (15.6%)
ad BILI  surgeries.  Seventy-one  (8.9%)  operations
ere urgent,  whereas  729  (91.1%)  were  elective
perations. According  to  the  wound  classiﬁcation,
48 (43.5%)  were  clean-contaminated,  332  (41.5%)
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Table  1  Demographic  data  of  patients.
Without  SSI  SSI  p
n  =  683  %  n  =  117  %
Age,  median  (min—max)  57.0  (16—92)  63.0  (16—94)
Gender  (male) 329  48.2 76 65.0 0.006
Obesity  33  4.8 7 6.0 0.653
Malignancy  209  30.6  67  57.3  0.001
Diabetes  mellitus  91  13.3  24  20.5  0.091
Chronic  obstructive  pulmonary  disease  (COPD)  84  12.3  11  9.4  0.362
Hypertension  193  28.3  38  32.5  0.588
Hepatic  failure  2  0.3  1  0.9  0.392
Heart  failure  44  6.4  12  10.3  0.180
Renal  failure  16  2.3  8  6.8  0.020
Trauma  2  0.3  0  0  1.000
Transfusion  146  21.4  54  46.2  0.001
Preoperative  length  of  hospitalization,  median
(min—max)
2.0 (0—59)  2.5  (0—26)  0.44
Previous  use  of  antibiotics  49  7.2  9  7.7  0.999
Previous  use  of  corticosteroids  21  3.1  5  4.3  0.577
Cigarette  71  10.4  11  9.4  0.746
Anemia  192  28.1  50  42.7  0.007
Hypoalbuminemia  171  25.0  48  41.0  0.002
Wound  classiﬁcation
Clean-contaminated  330  48.3  18  15.4
Contaminated  258  37.8  74  63.2  0.001
Dirty  95  13.9  25  21.4
Type  of  operation
Urgent  operations  55  8.1  16  13.7
Elective  operations  628  91.9  101  86.3  0.038
Laporoscopic  surgery  170  25.0  4  3.4  0.001
ASA  1  306  44.8  31  26.5
ASA  2 286 41.9  50  42.7
ASA  3 87  12.7  34  29.1  0.001
ASA  4 3 0.4  0  0
ASA  5 1 0.1  2  1.7
R˙IK  0 244 35.7  10  8.5
R˙IK  1  277  40.6  41  35.1
R˙IK  2  143  20.9  54  46.2  0.001
R˙IK  3  19  2.9  12  10.3
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ere  contaminated  and  120  (15.0%)  were  dirty
perations.
Overall, 117  (15.2%)  patients  had  SSI.  Demo-
raphic data  of  patients  with  and  without  SSI  are
hown  in  Table  1. SSI  rates  were  3.2%  in  CHOL,  22.4%
n COLO,  12.3%  in  GAST,  25.3%  in  SB  and  20.8%  in
ILI surgeries.  According  to  wound  classiﬁcation,  SSI
ates were  5.2%  (18/348)  in  clean-contaminated,
3.2% (74/332)  in  contaminated  and  21.7%  (25/120)
n dirty  operations.  Preoperative  length  of  hospi-
alization  averaged  2  days  (range  0—59)  and  was
ot signiﬁcantly  different  between  patients  with
nd without  SSI  (p  = 0.44).  However,  the  average
a
s
f
gostoperative  length  of  hospitalization  was  signiﬁ-
antly  longer  for  patients  with  SSI  than  for  patients
ithout SSI  (18.97  days  vs.  7.46  days,  p  =  0.001).
isk factors for SSI
n  univariate  analysis,  older  age,  male  gender,  a
igh ASA  score,  a  high  RIC,  malignancy,  diabetes
ellitus, renal  failure,  transfusion,  contaminated
nd dirty  operations,  urgent  operations,  open
urgery  and  anemia  were  found  to  be  risk  factors
or SSI.  However,  in  multivariate  analysis,  only  male
ender, a high  ASA  score,  malignancy,  transfusion,
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Table  2  Multivariate  analysis  of  risk  factors  for  SSI.
Variable  OR  95%  CI
Gender
Male  1  0.39—0.92
Female  0.60
ASA  score  1.62  1.24—2.11
Malignancy
No  1  1.02—2.55
Yes 1.61
Transfusion
No  1  1.18—2.81
Yes  1.82
Laparoscopic  operation
No  1  0.09—0.74
Yes  0.25
Wound  classiﬁcation
Clean-contaminated  1
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Dirty  3.06  1.54—6.06
open  surgery,  and  contaminated  and  dirty  opera-
tions were  found  to  be  statistically  signiﬁcant  risk
factors for  SSI  (Table  2).
Effect of infection control measures on SSI
When  infection  control  measures  were  evalu-
ated, only  avoidance  of  preoperative  hair  removal
(OR: 5.52,  95.0%  CI:  1.90—16.02)  and  longer  AMP
duration (OR:  5.91,  95.0%  CI:  1.30—26.87)  had  pro-
tective effects  on  SSI,  according  to  both  univariate
and multivariate  analyses.
Discussion
SSIs  represent  an  important  patient-safety  issue
worldwide.  SSI  rates  in  general  surgery  varies
between 2%  and  27%,  depending  on  the  nature  of
the operation  and  patient-related  factors  [5—8].
However, the  problem  is  especially  great  in  devel-
oping countries  where  hospital  costs  are  high.  SSI
rates have  been  reported  to  be  2—5  times  higher  in
developing  countries  than  in  developed  countries
[1].  In  this  study,  SSI  rates  were  found  to  be  3—16
times higher  than  the  median  values  presented  in
NHSN data  [4]. Moreover,  SSIs  increased  the  length
of hospitals  stay  by  2.5  times,  further  increasing
the hospital  costs.  Surveillance  of  SSI  with  feed-
back of  the  results  to  surgeons  has  previously  been
reported to  be  a  major  infection  control  measure  in
the prevention  of  SSIs  [2]. However,  SSI  surveillance
has been  performed  since  2005  in  our  hospital  with
the ﬁndings  reported  monthly  to  surgeons,  and  no
reduction  in  SSI  rates  has  been  observed.
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Identifying  SSI  risk  factors  and  implementing
nfection  control  measures  is  necessary  to  decrease
nfection  rates.  In  this  study,  wound  contamina-
ion level  was  found  to  be  the  most  important
isk factor  for  SSI.  SSI  rates  were  3  times  higher
fter contaminated  and  dirty  operations  than  after
lean-contaminated  operations.  These  ﬁndings  sup-
ort the  literature  that  states  that  the  degree
f microbial  contamination  determines  the  risk  of
SI [2].  In  this  study,  the  proportion  of  contami-
ated and  dirty  operations  was  high  among  elective
urgeries  due  to  gross  spillage  from  the  gastroin-
estinal tract  during  elective  colorectal  operations.
Patient-related factors  (e.g.,  age,  underlying
isease, nutritional  status,  obesity,  etc.)  have  been
ound to  inﬂuence  the  risk  of  SSI  [2].  Male  gender
nd malignancy  were  the  only  patient-related  SSI
isk factors  identiﬁed  in  this  study.
Laparoscopic surgery  confers  many  short-term
uality-of-life  advantages  compared  with  open
urgery. Additionally,  SSI  incidence  is  found  to  be
igniﬁcantly  lower  following  laparoscopic  surgeries
2]  and,  in  our  study,  it  had  a  protective  effect
gainst SSI.
Chlorhexidine  bathing  is  frequently  recom-
ended as  an  important  preoperative  measure  to
revent SSI.  It  has  been  shown  to  reduce  bacterial
olonization of the  skin.  However,  the  literature  has
hown that  the  efﬁcacy  of  this  approach  is  uncer-
ain for  prevention  of  SSI  [2], and  no  beneﬁt  was
ound  in  our  study.
Perioperative  AMP  is  a  well-established  strategy
or reducing  the  risk  of  SSI.  A  single  dose  or  a  maxi-
um 24  h  of  AMP  is  recommended  in  general  surgery
2,3].  However,  in  this  study,  a longer  duration  of
MP had  a protective  effect  and  a 6-fold  decrease  in
SI rates.  These  results  are  supported  by  our  previ-
us study  results  [9]  and  suggest  that  poor  operative
echniques and  poor  infection  control  in  the  oper-
tive and  postoperative  phase  causes  signiﬁcant
ontamination of  the  wound.  Unfortunately,  other
actors that  could  have  effect  on  SSI,  such  as  the
ature  of  suture  material  and  the  surgical  tech-
iques  used  for  the  closure  of  abdominal  fascia,
ere not  evaluated  in  this  study.
The bundling  of  care  is  a  structured  way  of
mproving the  processes  of  care  and  patient  out-
omes.  The  ICC  tried  to  implement  a ‘bundle  of
are’ strategy  in  this  study.  However,  only  the
voidance  of  preoperative  hair  removal  was  shown
o have  a  protective  effect  on  SSI.  The  effective-
ess of  bundled  approaches  to  SSI  rate  reduction  is
ontroversial  in  general  surgery  [2].
In conclusion,  the  most  important  risk  factor
dentiﬁed in  this  study  as  inﬂuencing  SSI  in  gen-
ral surgery  was  the  contamination  level  of  wounds.
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his  contamination  can  occur  during  surgery  in
he operating  room,  so  good  operative  techniques
nd structure  of  operating  rooms  in  developing
ountries is  important  for  the  prevention  of  SSI.
dditionally  the  preventive  effect  of  infection  con-
rol measures  can  clearly  be  observed  in  clean  and
lean-contaminated  operations.
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